The generating functional of correlation functions of the currents corresponding to general massless p-form potential is calculated in AdS/CF T correspondence of Maldacena. For this we construct the boundary-to-bulk Green's functions of p-form potentials. The proportional constant of the current-current correlation function, which is related to the central charge of the operator product expansion, is shown to
it is essential for OPE of the sources O i (x) to determind the boundary-to-bulk Green's function.
For our purpose it is sufficient to employ the Euclidean AdS which is characterized by the Lobachevsky space R 1+d + = {(x 0 , x) ∈ R 1+d | x 0 > 0} with the Poincare metric of the following form,
The x 0 → ∞ point and the x 0 → 0 region consist the boundary of AdS. To simplify the notation we sometimes confuse x 0 with x 0 unless it is stated explicitly. Roman charactors such as i and j are used to denote the indices 1, ..., d, and Greek characters such as µ and ν are preserved to denote whole indices 0, 1, ..., d.
Consider a 2-form potential A of AdS. The free action is given by
where F = dA is the field strength 3-form. The classical equation of motion of A obtained from this action is
To calculate the current-current correlation function in AdS/CF T correspondence we need to know the boundary-to-bulk 2-form Green's function,
Here x bk is a point in AdS, and x bd is a point on the boundary of it. K satisfies the same equation which A satisties, and its component becomes the boundary-space delta function as x bk approaches x bd . Using the gauge transformation,
of a 2-form potential we may assume that all K 0i , i = 1, ...d, vanish. For simplicity we take as x bd the boundary point at x 0 → ∞. The boundary of AdS and the Poincare metric are both invariant under the following translation,
where x ′ is a constant vector. This allows us to assume that x bk is (x 0 , 0, ..., 0) [3] . The general form of K under these restrictions is
where i < j. The infinity symbol in this equation denotes the fact the the boundary point of K is chosen to be x 0 → ∞.
The equation which is satisfied by
To solve this we compute dK ∞ ,
and use the relation, * (dx
where dx 0 , etc., means that dx 0 should be omitted in the wedge product. Here we have
with the solution
α is an unknown constant.
For the case d > 4, it is clear that as x 0 goes to 0, K ∞ (x 0 ) vanishes. When x 0 goes to
This means that K ∞ looks like a boundary-to-bulk Green's function.
Before proving this fact explicitly we benefit from the following gauge transformation,
The transformed K ∞ is given by
By choosing the coefficients which satisfy
K ∞ reduces to
It is still possible to rescale K ∞ by a constant c without losing the desired property.
To prove that K ∞ in fact generates the correct boundary-to-bulk Green's function we use the following isometry of (1),
It is important to notice that under this isometry the boundary point corresponding to
x 0 → ∞ transforms to the boundary point (x 0 , x) → 0. This isometry transforms K ∞ to
where the subscript "0" in K 0 means that the boundary point of K 0 corresponds to
To get the Green's function corresponding to a general boundary point (0, x ′ ) we use the translational symmetry (6) . This gives the final Green's function,
where c is a normalization constant. On the other hand, it is not difficult to show that
where,
This means that by choosing the constant c of (19) which is equal to c d,2 , K of (19) is in fact the desired boundary-to-bulk Green's function.
A ij (x)dx i dx j be a 2-form potential on the boundary of AdS. Using (19) we have the following 2-form bulk potential,
where we used the anti-symmetric property of A ij . The field strength 3-form F is given
where the abbreviated terms are those which do not contain dx 0 .
By partial integration the bulk action becomes
The following relation
is useful for the computation of the action. The final result is given by
,
It is comparable to (2.30) of Ref. [3] .
The generating function of OPE of p−form currents
A general p-form potential A on the boundary of AdS can be lifted to a bulk one A by using the boundary-to-bulk Green's function K, the determination of which is our next step. Similarly to the 2-form case we assume that
where i 1 < ... < i p . K ∞ satisfies the free-field equation d * dK ∞ = 0 which reduces to
The solution of this equation is
, where c 0 is a constant. To simplify the final calculation we apply the following gauge transformation,
where dx i k , k = 1, ..., p, means that dx i k should be omitted in the wedge product. When one choose constants such as
K ∞ simplifies to
Here we use the notation
where the normalization constant c d,p is multiplied to get the correct K. The final step for the construction of the boundary-to-bulk Green's function is to use the translation (6).
Consider a p-form potential on the boundary of AdS,
The bulk potential A which is lifted from this is
We confuse notation x i k with x i k for convenience. Using the anti-symmetric property of A i 1 ...ip it can be further simplified to
The field strength (p + 1)-form F = dA is given by
where F ′ are the terms which do not have dx 0 .
The action, using the equation of motion, is given by
To compute this we make use of 
This result agrees with the known value [14] for p = 1.
